Henderson Island is as far from civilisation as one can get on planet Earth. There is no major human habitation or industrial activity within 5,000 kilometres of the island, which is part of the UK's Pitcairn territory in the South Pacifi c and recognised as a UNESCO World Heritage site. The nearest human settlement is on Pitcairn Island, 115 kilometres away, which has around 40 inhabitants.
And yet, when Jennifer Lavers from the University of Tasmania, Australia, visited the island and combed its sandy beaches from May to August 2015, she found them covered in plastic waste. At a density of more than 670 items per square metre, the waste recorded was the highest recorded anywhere outside an actual landfi ll site (Proc. Natl. Acad. Sci. USA (2017) 114, 6052-6055) . Lavers extrapolated that the island must contain at least 37 million items of debris weighing a total of 17.6 tonnes.
A map of ocean currents yields an explanation of the phenomenon. Henderson Island is within the western reach of the South Pacifi c gyre, which rotates counter-clockwise. So it sweeps up the Chilean coast picking up all waste washing down from the South American continent, then dumps some of it on the Pitcairn Islands on its way back south.
The North Pacifi c gyre has long been recognised as a marine site of waste accumulation and is also known colloquially as the Great Pacifi c Garbage Patch (Curr. Biol. (2013) 23, R135-R137). With the globalisation of plastic production and use, its southern mirror image has now become a similar carousel of plastic waste.
Remote islands like Henderson simply act as a sink fi ltering some of the rubbish out of the oceans, and allowing scientists a closeup assessment of the scale of the problem.
Plastic world
Roland Geyer from the University of California at Santa Barbara, Jenna Jambeck from the University of Georgia, and Kara Lavender Law, from the Sea Education Association at Woods Hole, all in the USA, have recently reported the fi rst comprehensive quantitative assessment of all plastic ever produced, including its chemical composition, its useful lifetime, and its fate after use, leading to predictions of plastic waste accumulation. Previously, Geyer and colleagues had estimated plastic waste quantities based on their proportion in the solid waste handled (Science (2015) 347, 768-771).
The new research, by contrast, starts from production data and takes into account the different kinds of uses, ranging from instantly disposable packaging to plastic products that stay in use for years (Sci. Adv. (2017) 3, e1700782) . This results in waste streams that occur with predictable delay after production, enabling the authors to forecast plastic waste generation for the coming years until 2050.
The researchers found that between 1950 and 2015, global production of plastics, including resins and fi bres, has increased from 2 Mt to 380 Mt, with the cumulative production totalling 7,800 Mt -more than enough to wrap the entire planet in a layer of clingfi lm. The exponential growth curve corresponds to an annual rate of 8.4%, or more than twice the rate of the global economic growth.
Due to the steep exponential growth, a large part of the total was produced relatively recently. The authors estimate that just under a third of the plastic produced until 2015 was still in use at the end of the period studied. The rest has ended up as waste, accumulating to over 6,000 Mt by now.
Of this mountain of plastic waste, only 9% has been recycled, while 12% has been incinerated. The rest is still around, either in landfi ll sitessome of which may erode in the long term and release their plastic into the open -or in the environment, where a large part of it follows the downhill fl ow of the hydrological cycle and then accumulates in the oceans. Large quantities of waste are also emitted directly into the oceans, from ships and coastlines.
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Our planet wrapped in plastic
Since 1950, the amount of synthetic polymers produced has increased exponentially and faster than the growth of the global economy. The amount of plastic waste that ends up in the environment is copying that curve, causing serious problems for wildlife. Plastic-bearing sediment layers may in the future help defi ne the Anthropocene. Michael Gross reports.
Left stranded: Beaches even on remote and uninhabited islands can accumulate large quantities of plastic waste delivered by the ocean gyres. This picture was taken on Laysan Island in the Hawaiian Islands National Wildlife Refuge. (Photo: Susan White/USFWS.) R786 Current Biology 27, R785-R795, August 21, 2017 microbeads still used in many cosmetic products, or from the breakage of items that have become brittle due to the long exposure to sunlight, can enter the food chain (Curr. Biol. (2015) 25, R93-R96). In addition, larger things like plastic bags and discarded fi shing gear are known to endanger animals that get entangled in them.
One particularly vexing problem that has found wide attention is the fact that large sea birds like albatrosses appear to have a tendency to mistake plastic items for food. Disturbing photos of dead and decaying albatross chicks with their stomachs full of plastic waste, taken by artist Chris Jordan on the Midway Atoll (Hawaii), alerted the world to this problem when they were fi rst published in 2009 (http://www. chrisjordan.com/gallery/midway/).
Last year, the group of Gabrielle Nevitt at the University of California at Davis, USA, presented a surprising, but plausible explanation of this phenomenon (Sci. Adv. (2016) 2, e1600395). Albatrosses and other sea birds from the order Procellariiformes (comprising 'tube-nosed' birds like petrels) are known to detect the volatile chemical dimethyl sulphide (DMS) and use it as a guide to fi nd prey organisms grazing on phytoplankton, such as krill. In pelagic ecosystems, these grazers break down dimethylpropionosulfonate from phytoplankton and release the product DMS.
The researchers showed experimentally that plastic exposed to the marine environment for under a month already suffers biofouling and emits suffi cient amounts of DMS to be detectable by sea birds. Thus, all sea birds that use DMS as a cue to fi nd food are six times more likely to ingest plastic items than birds that don't. "This study shows that species that don't receive lot of attention, like petrels and some species of shearwaters, are likely to be impacted by plastic ingestion," Nevitt said. "These species nest in underground burrows, which are hard to study, so they are often overlooked. Yet, based on their foraging strategy, this study shows they're actually consuming a lot of plastic and are particularly vulnerable to marine debris." As the amount of waste washed into the oceans continues to increase, this problem is also likely to grow.
While sea birds are among the species most vulnerable to plastic pollution, the authors warn that other species including sea turtles, fi shes, and some mammals may also be at risk but haven't been studied suffi ciently yet. And even when the effects are studied, it is far from clear what measures could avert the problem -other than reducing the amount of plastic waste present in the environment.
Ban microbeads
As the 'western' lifestyle based on cheap fossil fuels and disposable plastics is being globalised and set to expand to the entire, still-growing world population, it will be hard to dent the exponential growth curve of plastic waste predicted by Geyer and colleagues. Symbolic gestures like bans on disposable shopping bags have had some success regionally. In England, for example, larger shops have been forced to charge fi ve pence for disposable bags since October 2015. Recent government fi gures show that the number of such bags handed On current trends, the authors extrapolate that the cumulative amount of plastic waste generated will continue to grow exponentially, quadrupling to more than 25,000 Mt by 2050. Although the problem of plastic accumulation in the oceans has already been discussed for a few years now, Geyer hopes that these data help to inform improved policy decisions that can stop the trend. "Put simply, you can't manage what you don't measure, and so we think policy discussions will be more informed and fact-based now that we have these numbers," Geyer said in a press statement. "We cannot continue with business as usual unless we want a planet that is literally covered in plastic."
Plastic oceans
What happens to the plastic in the oceans has become a major environmental concern in recent years. Larger items fl oating for long periods can transfer species to distant shores, where they may become invasive. Smaller particles, arising either from granulated materials, such as the out to customers has dropped by 83% since then (http://bit.ly/2vjWqbv).
One measure that is relatively straightforward and can have biological, and possibly health, benefi ts is a ban of microbeads in cosmetic products. Political initiatives against some or all of the microbeads have already been taken in the US, Canada, the Netherlands and Ireland. Very recently, the UK government announced a ban on microbeads in all products that are meant to wash down the drain immediately, such as shampoos and toothpaste. The ban doesn't cover products designed to stay on the skin for longer, such as make-up or sun lotion. However, the government is keeping open the option of including such products in the ban at a later stage, after expert consultation. According to the current plans, which still have to pass into law, production of the banned products will become illegal at the beginning of 2018, and sales will have to cease six months later.
Greenpeace UK, which has long campaigned for a ban on microbeads, welcomed the announcement enthusiastically, announcing it under the headline: "Today is a big day: we've won our microbeads campaign!" Other organisations were more cautious, hailing it as a step in the right direction, but also pointing to possible gaps and loopholes.
Other well-established plastic habits will be harder to change, including the packaging of virtually all products in plastic. The resulting waste is not only endangering wildlife but also changing our planet and defi ning our epoch.
Marking the Anthropocene
Nobel laureate Paul Crutzen and others have proposed to defi ne the present day as a new unit of geological time, the Anthropocene (Curr. Biol. (2015) 25, R131-R134). The idea is now widely supported and has generated a broad range of innovative thinking and planet-wide assessment of the human impact. An offi cial assessment by the Working Group on the Anthropocene (AWG) chaired by Jan Zalasiewicz from the University of Leicester, UK, concluded in 2016 that a formal proposal should be made to declare the Anthropocene an epoch, following on from the Holocene. The AWG is currently still deliberating precisely what timepoint should mark the beginning of the Anthropocene, and what criteria will in future be useful to identify it.
Early markers could be the Industrial Revolution, and the start of the consequent rise of excess carbon dioxide in the atmosphere. However, a mid-20 th century onset would capture the 'Great Acceleration' of the global economy and the rapid advance of science and technology. These developments have left their marks around the globe, while the impact of the Industrial Revolution was initially limited to certain countries.
Radioactive isotopes distributed globally by nuclear explosions from Hiroshima through to the last open air nuclear tests conducted in the 1960s provide a very clear global geological marker that could be used to defi ne the onset of the Anthropocene. The only drawback is that specialised laboratory equipment is needed to detect these isotopes.
Plastic debris, by contrast, has had a more gradual transition, but is still an extremely sharp signal on geological timescales and has the advantage of being easily discernible with fi eld methods.
Jan Zalasiewicz and colleagues have recently summarised the case for plastics as a marker of the Anthropocene in a review (Anthropocene (2016) 13, 4-17). The authors conclude that "Stratigraphically, plastics within sediments comprise a good practical indicator of Anthropocene strata using a mid-20 th century beginning for the postulated epoch."
They acknowledge that the lack of pinpoint precision in the onset of the plastic age means that "plastics cannot be expected to act as a primary marker for precisely defi ning the start of the Anthropocene". Future geologists from other stars visiting our neighbourhood may fi nd it useful, though, that the plastic signature extends to other solar system bodies including the Moon, Mars, and Titan.
Plastics are also an important part of another new concept used to describe the changes that human activities have made to our planet, that of the technosphere. As reviewed by Zalasiewicz and colleagues (Anthropocene Review (2016) 1-14) , the physical technosphere is currently estimated to be a mass of 30 trillion tonnes (Tt), or 50 kg/m 2 of the entire surface of the Earth (including oceans), It is thus an extension of our species that exceeds our own biomass by fi ve orders of magnitude, which in turn is already exceptionally large. Humanity's total biomass is estimated to be double the total biomass of large vertebrates existing before our ancestors started hunting them to extinction (Curr. Biol. (2015) 25, R965-R967) .
The currently existing, and rapidly growing, technosphere is thus an outgrowth of life on Earth that is developing comparable stature to the biosphere. Much of it is in solid structures made of concrete of steel, but an increasing part consists of the all-pervasive and mobile plastics. What will become of those when the Anthropocene comes to an end and geology moves on?
The remains of the day As plastics have been around for less than a century, there can be no direct evidence as to what will happen to them on geological timescales. However, geologists like Zalasiewicz have proposed speculative scenarios that are based on the fact that plastics are carbon-rich, like the biomass that we observe in fossilised form, and thus may eventually see a similar range of fates as those of organisms of the past.
When our waste becomes buried in sedimentary strata, for instance, Zalasiewicz predicts that some of the hydrocarbons contained in the plastics may be released to become fossil fuel reserves of the future (http://bit. ly/2voKHZh). Some items may mould the surrounding sediment before being broken down, leaving future researchers from species yet to evolve scratching their heads over the shapes of biro pens and CD cases.
One may fi nd the geologist's view reassuring that in the long term, everything we have made from the Earth will merge back into it and our legacy will only testify to a weird phase that our planet went through, like the Ediacaran. In the short term, however, if we want to continue to enjoy the rich but dwindling biodiversity of life on Earth, we really have to do something drastic to curb our production of plastics.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk 
Jonathan Losos
How did you get started in biology?
Dinosaurs, of course. Like many fi veyear-olds, I was fascinated by the reptilian behemoths. Indeed, I was legendary at nursery school (and am still occasionally reminded of this a half-century later) for my basket full of plastic dinos with which I faithfully arrived every day. But a big turning point for me was a particular episode of Leave it to Beaver, the one in which the Beaver purchases a mail-order baby alligator. Needless to say, Ward and June Cleaver were not amused. But for me, it was an inspiration, because I knew that local pet stores sold baby caimans, the neotropical relative of alligators. The question was: how to convince my mother to allow a crocodilian in the house. Fortunately, my mom -not liking to say 'no' -passed the buck to the local zoo director, a family friend, expecting him to put the kibosh on the idea. To her dismay and my delight, however, he said that having an alligator was how he got his start in herpetology, and the next thing you know, I had a caiman in a kiddie's wading pool in the basement. My mom even went out and bought a second caiman because the fi rst one looked lonely. Despite being nasty little animals, caimans turned out to be entrancing, and my fascination with reptiles was cemented.
How did you transition from caimans to Anolis lizards? In my fi rst week as a freshman at Harvard, I looked up the university's herpetologist, Ernest Williams, the Grand Old Man of Anolis. Before I knew it, I was volunteering in the Museum of Comparative Zoology and then assisting Williams' last graduate student, Greg Mayer, on an anole fi eld trip to Jamaica -which was great, but not what I expected: Mayer politely explained, when asked, that I shouldn't bring my racket and tennis shorts. From that point on, my studies have focused on anoles -with short digressions into other lizards and local opossums. Indeed, my research career has been more linear than that of almost anyone I knowmy current work traces directly back to my doctoral studies, which in turn were inspired by my undergraduate experiences. I should point out, however, that when I graduated from college, having done my honor's thesis on anoles, I vowed never to study them again for two reasons: fi rst, there was nothing left to learn, and, second, I didn't want to be a little fi sh in a big pool. The fi rst point, of course, was naïve, but the second was more
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